Multiwall carbon nanotubes (MWNT) reinforced iron aluminides (Fe3Al) intermetallic matrix composites have been prepared by a conventional (hot pressing) sintering method. Morphological, structural, compositional and mechanical properties investigations have been performed. Compressive testing shows that the composites still display high yield strength. The first results show that carbon nanotubes have been preserved in composite structure during the sintering process.
INTRODUCTION
Carbon nanotubes (CNTs) probably offer a kind of nanosize reinforcement that is lightweight, has a hollow core, has immense aspect ratio, and has remarkable mechanical, electrical and thermal properties [1] . More, CNTs have been proved to be stable under temperatures as high as 2700 K in an argon atmosphere or under vacuum [2] . Thus, CNTs being defect free and possessing low dislocation density provided the driving force behind the development of composites reinforced with CNTs. In recent years, incorporating CNTs to develop advance engineering composites has become an interesting concept, a larger portion of the researches have been focused on the development of CNTs reinforced polymer [3, 4] , metal [5, 6] and ceramic [7, 8] based composites.
Iron aluminides are promising candidates for many structural applications because of their superior potential for physical, chemical and economical characteristic. The composite material designs for the alloys with particles, whiskers and fibres have been attracting great expectation to enhance their merit in these applications. It has been found that iron aluminides composites reinforced with fibres or ceramic particles [9, 10, 11] can significantly improve the yield strength and fracture toughness. In this work, we present the results of a preliminary study on the manufacturing of CNT reinforced iron aluminides matrix composites containing a significant amount of multi-wall CNTs (MWNT) by hot pressing sintering. Although MWNTs are not best choice in terms of mechanical properties, they were selected for this preliminary study to their low cost in relation to single-wall CNTs.
EXPERIMENTAL
Powder of Fe 3 Al can be fabricated by mechanical alloying and details can be found in Ref [12] . MWNTs were kindly provided from Shenzhen Nanoport Company. They were washed in concentrated acids to remove the catalytic metals effectively. The asreceived MWNTs were dispersed in methanol with the aid of ultrasonic agitation. The Fe 3 Al power was added to this solution and ultrasonically agitated, to resulted in 1, 3, 5, 7 vol.% MWNTs in the solution. The resulting slurries were ball-milled for 12 h, and were subsequently dried on an oven.
The materials were sintered at 1373 K on vacuum by hot pressing sintering. After sintering, the weight of the samples was determined. All surfaces of the test bars were finely ground on a diamond wheel, and the edges were chamfered. The composite rods were cut into cylinders with a length 6mm. the ends of the cylinders were carefully polished flat and parallel.
The compressive testing at room temperature was carried out at a strain rate of 10 -2 /s using a versatile materials tester. The microhardness indentation was made by means of a Vickers diamond indenter operating at a load of 5 kg and dwell time of 15 s.
Phase analysis and the microstructure of composites were executed using X-ray diffraction (XRD) and transmission electron microscopy (TEM).
RESULTS AND DISCUSSION

The morphology of the powders
Most pristine MWNTs contain some impurities such as amorphous carbon, fullerenes, nanocrystalline graphite and catalyst particles, which were a serious impediment for MWNTs to be directly used as functional filler in iron aluminides base. Fig.1 shows the TEM image of purified MWNTs in which the long intertwined MWNTs were very clean and almost all impurities have been removed. It is very evident that carbon nanotubes are tangled together; their diameters are between 20 and 60 nm and lengths range from hundreds of nanometres to micrometers. Most of them are not straight and possess some defects and localized kinks and bends. Fig.2 illustrates the SEM images of homogeneously blended powders of carbon nanotubes and Fe 3 Al powders. It can be found that the Fe 3 Al powders mixed with carbon nanotubes keep sphere. Carbon nanotubes are distributed uniformly on the surfaces of Fe 3 Al powders; no carbon nanotubes agglomerates are found. It has been reported that many >C=O and -OH functional groups are introduced into the surfaces of carbon nanotubes after the circumfluence in nitric acid [13] . Meanwhile, the aspect ratio of carbon nanotubes decreases [14] . These could weaken van der Waals forces between nanotubes resulting in the uniform dispersion of carbon nanotubes on the surface of Fe 3 Al powders. Moreover, it should be responsible for uniformly blended powders that specific surface area of nanotubes is remarkably larger than that of Fe 3 Al powders, but need verify. free energy of formation (27 kJ/mol) [15] , meaning that Fe 3 Al and C have the large driving force for the interfacial reaction. Thus, the C and Fe3Al reaction is favour during the fabrication process, and leads to the formation of Fe 3 AlC. Similar results were reported by others on introducing carbon elemental into Fe 3 Al matrix [16, 17] . No MWNTs peaks were observed in the XRD pattern of Fe 3 Al composite. This suggests that a small volume fraction of residual MWNTs dispersed in the iron aluminides matrix is difficult to detect within the sensitivity limit of XRD. Other methods are needed to confirm the dispersion of MWNTs in the iron aluminides matrix. This will be shown in a later section.
To verify that the MWNTs have been incorporated in the Fe 3 Al matrix, a more detailed TEM investigation was undertaken. Fig.4 shows the typical morphology of MWNTs added to the Fe 3 Al matrix. Fig.4c is an enlarged image of region B in Fig.4b . After MWNTs have been added to the Fe 3 Al matrix, whole MWNTs and their tubular structure are clearly observed (Fig.4b) . Clusters of added MWNTs are also observed, as shown in Fig.4a . Several MWNTs cluster closely together, and remain so after the interfacial reaction. In Fig.4b , c, one can find a few V-shaped nicks caused by the interfacial reaction present on the edge of tubular MWNTs (Fig.4c) . It is clearly seen that MWNTs still keep their cylindrical graphitic structure, and the unique multi-walled structure still exist. This means that MWNTs dispersed in the Fe 3 Al matrix still basically keep their primary structure, implying that the added MWNTs possibly keep their excellent mechanical and functional properties. The above results demonstrate that MWNTs have been introduced into the Fe 3 Al matrix and some of them still keep their unique multi-walled structure. The reason for the distribution of MWNTs in the Fe 3 Al matrix is the high thermal and chemical stability of the MWNTs themselves [18, 19] , and the low fabrication temperature of Fe 3 Al.
The mechanical properties of composites
The microhardness of Fe 3 Al-MWNTs composites as a function of the MWNTs addition is shown in Fig.5 . The hardness shows an increase with increasing MWNTs content up to a maximum at 5.0 vol.%.
The reinforcement role of MWNTs in Fe3Al composite might affect the increase in hardness. When the nanotubes volume content is lower than about 5 vol%, according to the theory of short fibre reinforced composites, the nanotubes distribute uniformly in the matrix, effectively inhibiting matrix deformation and producing a strengthening effect. Further addition of MWNTs over 5.0 vol.% lowers the microhardness significantly. This phenomenon is probably due to the difficulty in dispersing MWNTs homogeneously in composite and the problem of the poor cohesion between MWNTs and the matrix as suggested by Jeong-Wook An [20] . SEM micrograph of the fracture surface morphologies of the composite with 7.0 vol.% confirms the above description, as illustrated in Fig.6 . 
